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Objective: The objective of this article is to systematically analyse the randomised, controlled trials
comparing tacker mesh ﬁxation (TMF) versus no-mesh ﬁxation (NMF) in laparoscopic inguinal hernia
repair (LIHR).
Methods: Randomised, controlled trials comparing TMF versus NMF in LIHR were analysed systematically
using RevMan, and combined outcomes were expressed as risk ratio (RR) and standardised mean
difference (SMD).
Results: Eight randomised, controlled trials encompassing 1386 patientswere retrieved from the electronic
databases. Therewere 691 patients in the TMF group and 695 patients in the NMF group. Statistically there
was non-signiﬁcant heterogeneity among trials. In random effects models, operating time (p¼ 0.15), post-
operative pain (p ¼ 0.45), post-operative complications (p ¼ 0.55) and length of hospital stay (p ¼ 0.11)
were statistically comparable between two techniques of mesh ﬁxation in LIHR. The risk of developing
chronic groin pain (p ¼ 0.67) and risk of hernia recurrence (p ¼ 0.77) was also similar.
Conclusion: NMF in LIHR does not increase the risk of hernia recurrence. It is comparable with TMF in
terms of operation time, post-operative pain, post-operative complications, length of hospital stay and
chronic groin pain. Therefore, based upon the results of this review NMF approach may be adopted
routinely and safely in LIHR.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Since the introduction of synthetic mesh in inguinal hernio-
plasty, the reported incidence of post-operative chronic groin pain
(CGP) has increased dramatically. Post-operative inguinodynia
ranges from 10% to 54% of patients undergoing hernia surgery.1e3
The exact mechanism involved in the development of CGP
following laparoscopic inguinal hernia repair (LIHR) is still poorly
understood but it is considered to be multifactorial in origin. The
etiological factors leading to post-operative CGP include inguinal
nerve irritation by the sutures or mesh,4 inﬂammatory reactions
against the mesh5 or simply scarring in the inguinal region incor-
porating the inguinal nerves.6e8 It may also be attributed to local
tissue inﬂammatory reactions from foreign material, bio-
incompatibility and abdominal wall compliance reduction.9 In
addition, ﬁxation of the mesh during LIHR is contemplated to
contribute in the higher risk of post-operative CGP and nerve injury
ranging from two per cent to four per cent.10 The most commonly30, þ07891667608 (mobile);
Sajid).
ciates Ltd. Published by Elsevier Ltinjured nerves include the genital branch of the genitofemoral
nerve and the lateral femoral cutaneous nerve.10 Non ﬁxation of the
mesh is theoretically a predisposing factor for hernia recurrence
due to the risk of mesh displacement. These technical details in
LIHR are therefore of great interest as it may have signiﬁcant
repercussions on post-operative CGP, neuralgia related morbidity
leading to poor health-related quality of life and recurrence rates.
Some authors advocate the methodical ﬁxation of the synthetic
mesh as a valuable means to prevent hernia recurrence whereas
others have reported no beneﬁt of mesh ﬁxation.11e14 The objective
of this article is to systematically analyse the published rando-
mised, controlled trials comparing tacker mesh ﬁxation (TMF)
against no-mesh ﬁxation (NMF) in LIHR to see whether mesh
ﬁxation affects the post-operative outcomes in patients undergoing
inguinal hernia surgery.
2. Methods
2.1. Identiﬁcation of trials
Randomised, controlled trials (irrespective of language, country of origin,
hospital of origin, blinding, sample size or publication status) that compared the use
of TMF versus NMF in LIHR were included in this review. The Cochrane Colorectal
Cancer Group (CCCG) Controlled Trials Register, the Cochrane Central Register ofd. All rights reserved.
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Citation Index were searched for articles published up to September 2011 using the
medical subject headings (MeSH) terms “inguinal hernia” and “groin hernia”.
Equivalent free text search terms, such as “mesh repair of inguinal hernia”, “total
extraperitoneal repair”, “trans-abdominal pre-peritoneal repair” and “laparoscopic
inguinal hernia repair” were used in combination with “tacker mesh ﬁxation”, “no-
mesh ﬁxation” and “stapled mesh ﬁxation”. A ﬁlter for identifying randomised,
controlled trials recommended by the Cochrane Collaboration15 was used to ﬁlter
out non-randomised studies in Medline and Embase. The references from the
included trials were searched to identify additional trials.
2.2. Data extraction
Two authors independently identiﬁed the trials for inclusion and exclusion and
extracted the data. The accuracy of the extracted data was further conﬁrmed by
a third author. There were no discrepancies in the selection of the trials or in data
extraction between the reviewers, except in the case of recording the severity of pain
according to the measurement scales and timing of the recorded data. All reviewers
agreed that blinding was impossible to achieve in the case of the operating surgeon.
However, there was disagreement with regard to whether the trials should be
classiﬁed as having a high or low risk of bias based on four parameters, i.e., ran-
domisation technique, power calculations, blinding and intention-to-treat analysis.
It was agreed that the lack of an adequate randomisation technique and an
intention-to-treat analysis would result in the trials being classiﬁed as having a high
risk of bias. In case of any unclear or missing information, the reviewers planned to
obtain those by contacting the authors of the individual trials.
2.3. Statistical analysis
The software package RevMan 5.1.2,16 provided by the Cochrane Collaboration,
was used for the statistical analysis to achieve a combined outcome. The risk ratioPotentially relevant studies 
identified and screened for 
retrieval = 304 
RCTs retrieved for more 
detailed evaluation = 23 
Potentially appropriate 
publications on RCTs to be 
included in the meta-analysis 
= 15 
Publications on RCTs 
included in meta-analysis = 
10
RCTs with usable 
information for pooled 
analysis by outcome = 8 on 
1386 patients 
Fig. 1. PRISMA ﬂow chart showing(RR) with a 95 per cent conﬁdence interval (CI) was calculated for binary data, and
themean difference (MD)with a 95% CI was calculated for continuous data variables.
The random effects model17,18 was used to calculate the combined outcomes of both
binary and continuous data. Heterogeneity was explored using the chi2 test, with
signiﬁcance set at p < 0.05, and was quantiﬁed15 using I2, with a maximum value of
30 per cent identifying low heterogeneity.19 TheManteleHaenszel methodwas used
for the calculation of RR under the random effect models.20In a sensitivity analysis,
0.5 was added to each cell frequency for trials in which no event occurred in either
the treatment or control group, according to the method recommended by Deeks
et al.21 If the standard deviation was not available, then it was calculated according
to the guidelines of the Cochrane Collaboration.15 This process involved assumptions
that both groups had the same variance, whichmay not have been true, and variance
was either estimated from the range or from the p-value. The estimate of the
difference between both techniques was pooled, depending upon the effect weights
in results determined by each trial estimate variance. A forest plot was used for the
graphical display of the results. The square around the estimate stood for the
accuracy of the estimation (sample size), and the horizontal line represented the 95%
CI. The methodological quality of the included trials was initially assessed using the
published guidelines of Jadad et al and Chalmers et al.22,23 Based on the quality of
the included randomised, controlled trials, the strength and summary of the
evidence was further evaluated by GradePro,24 a tool provided by the Cochrane
Collaboration. We analysed the use of staples ﬁxation and tacker ﬁxation under
a single technique of TMF.
3. Results
The PRISMA ﬂow chart to explain the literature search strategy
and trial selection is given in Fig. 1. Eight randomised, controlled
trials25e32 encompassing 1386 patients were retrieved from the
electronic databases. Therewere 691 patients in the TMF group and RCT excluded = 281 
 Causes: 
Irrelevant = 281 
RCTs excluded = 8 
Causes: 
Double record = 3 
Letters =2 
Review= 3 
RCTs excluded = 5 
Causes: 
Other fixation technique = 4 
Incomplete information on 
outcomes = 1
RCTs withdrawn for pooled 
analysis of outcome=2 
Causes: 
Duplicate publication data: 2 
trial selection methodology.
Table 1
Characteristics of included trials.
Trial Year Country Age in years Male: Female Duration of follow up Hernia details
Ferzeli et al.25 1999 USA All male patients
older than 18 years
8 months Unilateral and bilateral
primary inguinal herniaTMF 53
NMF 55
Garg et al.26 2011 India Both male and
female patients
over 16 years of age
25 months Unilateral and bilateral
primary inguinal herniaTMF 47.2  12.9
NMF 51.9  16.8
Koch et al.27 2006 USA All male patients
between ages
of 18e100 years of age
6e30 months Unilateral and bilateral
inguinal hernia,
pantaloon and femoral,
primary and recurrent
TMF 56.3  11.5
NMF 54.6  16.1
Li et al.28 2007 China Not available 12e24 months Not available
TMF 61  15
NMF 58  15
Moreno-Egea et al.29 2004 Spain Both male and
female patients
36 months Unilateral and bilateral primary
or recurrent inguinal hernia56.9  16.3
TMF 53.8  15.6
NMF
Parshad et al.30 2005 India Both male and
female patients
Unilateral and bilateral
primary inguinal herniaTMF 46.4  15.19 27.5  8.6
NMF 47.16  16.4 23.98  9.9
Smith et al.31 1999 UK/Australia Both male and
female patients
1e32 months Unilateral and bilateral
primary inguinal herniaTMF 54 (15e86)
NMF 53(14e85)
Taylor et al.32 2008 Australia Both male and female
patients over
18 years of age
6e13 months Unilateral and bilateral
inguinal and femoral hernia59.3
TMF 59.6
NMF
TMF: Tacker mesh ﬁxation.
NMF: No-mesh ﬁxation.
Table 2
Treatment protocol adopted in included trials.
Trial Fixation group No-ﬁxation group
Ferzeli et al.25 - TEP approach - Same technique except mesh was not ﬁxed
- 2  10 mm and 1  5 mm ports used
- 152  15-cm Polypropylene mesh
- Two pieces of same mesh if hernia was bilateral
- 4 staples applied using Ethicon Endoscopic Hernia Stapler
Garg et al.26 - TEP approach under spinal anaesthesia - Same technique except mesh was not ﬁxed
- 1  10 mm and 2  5 mm ports used
- 10  15-cm Polypropylene mesh
- Two pieces of same mesh if hernia was bilateral
- 2 tacks staples applied using Tacker (ProTack)
- Suction drain inserted in pre-peritoneal space
Koch et al.27 - TEP approach under GA - Same technique except a pre-formed 15  10 cm mesh
(3D-MAX, Davol Inc.) used without tack ﬁxation- Midline 3 trochar technique
- Polypropylene mesh e trimmed to appropriate size to cover myopectineal oriﬁce
- 5e8 spiral tack staples applied to coopers ligament and the
anterior abdominal wall
Li et al.28 - TEP - TEP
Moreno-Egea et al.29 - TEP Approach under general or spinal anaesthesia - Same technique except mesh was not ﬁxed
- Midline 3 trochar technique
- Self expandable 3D anatomical mesh (Parietex) used to
amply cover the defect
- Stapled to cooper ligament, rectus muscles and transversus abdominis.
Parshad et al.30 - TEP approach - Same technique except mesh was not ﬁxed
- Reusable cannula, working ports and instruments
- 15  11 cm to 15  13 cm polypropylene mesh
- Two pieces of same mesh if hernia was bilateral
- Details of stapling not provided
Smith et al.31 - TAPP approach - TAPP approach
- 1  10 mm, 1  12 mm, 1  5 mm ports used - 1  10 mm, 2  5 mm ports used
- 15  10 cm polypropylene mesh
- Mesh ﬁxed to muscle and coopers ligament with staples (EMS Ethicon) - 15  10 cm polypropylene mesh e no-ﬁxation
- Peritoneum closed with staples and a port-site closure device used for
the 12 mm lateral port
- Peritoneum closed with continuous 2e0 vicryl suture and
100 mm port closed with 0-PDS to linea alba
Taylor et al.32 - TEP Approach - Same technique except mesh was not ﬁxed
- 1  10 mm port and 2  5 mm ports
- 10  15 cm polypropylene mesh
- Fixation with titanium spiral tacks (Autosuture protak) over areas above iliopubic
tract
TMF: Tacker mesh ﬁxation.
NMF: No-mesh ﬁxation.
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Table 3
Quality assessment of included trials.
Trial Randomisation technique Power calculations Blinding Intention-to-treat
analysis
Concealment
Ferzeli et al.25 Consecutive patients technique Not reported Not reported Not reported Not reported
Garg et al.26 Colour coded paper slips Yes Yes Not reported Yes
Koch et al.27 Computer randomized according
to age and BMI
Yes Yes (single) Not reported Yes
Li et al.28 Random number tables Unclear Not reported Not reported Not reported
Moreno-Egea et al.29 Computer randomized into two
groups ﬁxation þ non ﬁxation
Not reported Not reported Not reported Not reported
Parshad et al.30 Sealed envelope technique Not reported Not reported Not reported Yes
Smith et al.31 Randomisation technique not reported Not reported Not reported Not reported Not reported
Taylor et al.32 Computer generated randomization
of alternating blocks of 4 and 6
Not reported Yes (patient and
follow up clinician)
Not reported Follow up clinician
blinded. Patient blinded
for 2 years
TMF: Tacker mesh ﬁxation.
NMF: No-mesh ﬁxation.
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REVIEW695 patients in the NMF group. The characteristics of the included
trials are provided in Table 1. The salient features and treatment
protocols adopted in the included trials are given in Table 2. The
data and variables used to achieve a combined outcome are given in
Table 3. In seven trials25e30,32 total extraperitoneal approach was
used and in one trial31 trans-abdominal pre-peritoneal approach
was used to repair inguinal hernia. A personal communication via
email was attempted to gain more data from the authors of a trial28
but unfortunately no response was received despite several emails.3.1. Methodological quality of included studies
According to Jadad et al and Chalmers et al22,23 the quality of
included trials was moderate to low due the absence of adequate
randomisation techniques, allocation concealment, power calcula-
tions, blinding and intention-to-treat analysis (Table 4). Based on
the quality of included randomised controlled trials, the strength
and summary of evidence analysed on GradePro24 is given inTable 4
Variables used for meta-analysis.
Trial Patients n¼ Operation time in minutes Post-operativ
Ferzeli et al.25
TMF 50 38(10e125)a Not reported
NMF 50 35(10e125)a
Garg et al.26
TMF 52 37.7  4.3 1.31  0.4
NMF 52 35.9  3.6 1.42  0.5
Koch et al.27
TMF 20 66.3  26.1 1.9  2.3
NMF 20 60.9  20.0 1.1  1.6
Li et al.28
TMF 30 41  10 3.7  1.2
NMF 30 43  10 3.5  1.2
Moreno-Egea et al.29
TMF 85 50.5  19.2 1.78  1.4
NMF 85 44.2  22.6 1.65  1.3
Parshad et al.30
TMF 25 Not reported 2.92  2.38
NMF 25 2.28  1.81
Smith et al.31
TMF 249 30b Not reported
NMF 253 30
Taylor et al.32
TMF 180 27 (11e83)a Not reported
NMF 180 26.8 (12e74)
TMF: Tacker mesh ﬁxation.
NMF: No-mesh ﬁxation.
a Standard deviation estimated from range.
b Standard deviation estimated from p-value.Fig. 2. The ManteleHaenszel ﬁxed effect model was used to
compute robustness and susceptibility to any outlier among these
trials. There was no outlier detected during the course of statistical
analysis.3.2. Operating time
Seven trials25e29,31,32 contributed to the combined calculation of
this variable. There was no heterogeneity (chi2 ¼ 8.09, df ¼ 6,
[p ¼ 0.23]; I2 ¼ 26%). In the random effects model (SMD, 0.10; 95%
CI, 0.04, 0.24; z ¼ 1.45; p ¼ 0.15; Fig. 3), the operating time with
and without TMF was statistically similar in LIHR.3.3. Post-operative pain
Five trials26e30 contributed to the combined calculation of this
variable. Therewas no heterogeneity (chi2¼ 4.32, df¼ 4, [p¼ 0.36];
I2 ¼ 7%) among trials. In the random effects model (SMD, 0.08; 95%e pain Complications Chronic groin pain Recurrence Stay in days
1 Not reported 0 3.5  1
0 0 3.5  1
5 Not reported 0 1.12  0.3
8 0 1.15  0.4
Not reported 3 0 0.67  0.48
5 0 0.34  0.22
1 Not reported 0 3.7  1.5
1 0 3.3  1.6
13 1 0 Not reported
11 1 3
1 0 0 1.64  0.95
3 0 0 1.12  0.60
37 1 3 Not reported
42 0 0
Not reported Not reported 1 Not reported
0
Fig. 2. Strength and summary of the evidence analysed on GradePro.
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REVIEWCI,0.12, 0.28; z¼ 0.75; p¼ 0.45; Fig. 4), the post-operative pain in
the TMF group and the NMF group was statistically similar.3.4. Post-operative complications
Six trials25,26,28e31 contributed to the combined calculation of
this variable. Fifty-eight complications were reported in 491
patients having TMF. Sixty-ﬁve complications were reported in 495
patients having NMF. There was no heterogeneity among trials
(chi2¼ 2.32, df¼ 5, [p¼ 0.80]; I2¼ 0%). In the random effects model
(RR, 0.91; 95% CI, 0.65, 1.26; z ¼ 0.59; p ¼ 0.55; Fig. 5), the risk of
developing post-operative complications was statistically similar in
both groups.3.5. Chronic groin pain
Four trials27,29e31 contributed to the combined calculation of
this variable. Five patients with chronic groin pain were reportedin 379 patients having TMF. Six patients with chronic groin pain
were reported in 383 patients having NMF. There was no
heterogeneity among trials (chi2 ¼ 0.91, df ¼ 2, [p ¼ 0.64];
I2 ¼ 0%). In the random effects model (RR, 0.79; 95% CI, 0.26, 2.36;
z ¼ 0.43; p ¼ 0.67; Fig. 6), the risk of developing CGP was statis-
tically similar in both groups.3.6. Recurrence
Eight trials25e32 contributed to the combined calculation of this
variable. Four patients developed recurrent inguinal hernia in 691
patients having TMF. Three patients developed recurrent inguinal
hernia in 691 patients having NMF. Statistically there was no
signiﬁcant heterogeneity among trials (chi2 ¼ 3.70, df ¼ 2,
[p ¼ 0.16]; I2 ¼ 46%). In the random effects model (RR, 1.42; 95% CI,
0.13, 15.31; z ¼ 0.29; p ¼ 0.77; Fig. 7), the risk of developing
recurrent inguinal hernia following LIHR was statistically similar in
TMF and NMF groups.
Fig. 4. Forest plot for post-operative pain following the use of tacker mesh ﬁxation (TMF) and no-mesh ﬁxation (NMF) in laparoscopic inguinal hernia repair. Standardised mean
differences are shown with 95 per cent conﬁdence intervals.
Fig. 5. Forest plot for post-operative complications following the use of tacker mesh ﬁxation (TMF) and no-mesh ﬁxation (NMF) in laparoscopic open inguinal hernia repair. Risk
ratios are shown with 95 per cent conﬁdence intervals.
Fig. 6. Forest plot for chronic groin pain following the use of tacker mesh ﬁxation (TMF) and no-mesh ﬁxation (NMF) in laparoscopic open inguinal hernia repair. Risk ratios are
shown with 95 per cent conﬁdence intervals.
Fig. 3. Forest plot for operation time in all trials following the use of tacker mesh ﬁxation (TMF) and no-mesh ﬁxation (NMF) in laparoscopic inguinal hernia repair. Standardised
mean differences are shown with 95 per cent conﬁdence intervals.
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Fig. 7. Forest plot for recurrence following the use of tacker mesh ﬁxation (TMF) and no-mesh ﬁxation (NMF) in laparoscopic open inguinal hernia repair. Risk ratios are shownwith
95 per cent conﬁdence intervals.
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Five trials25e28,30 contributed to the combined calculation of this
variable. There was signiﬁcant heterogeneity (chi2 ¼ 9.50, df ¼ 4,
[p ¼ 0.05]; I2 ¼ 58%) among trials. In the random effects model
(SMD, 0.27; 95% CI, 0.6, 0.61; z ¼ 1.60; p ¼ 0.11; Fig. 8), the length
of hospital following LIHR in the TMF group and the NMF groupwas
statistically similar.
3.8. Subgroup analysis
We attempted a subgroup analysis of trials on total extraper-
itoneal approach25e30,32 and trans-abdominal pre-peritoneal
approach31 in LIHR but the conclusion was no different to what we
had already seen.
4. Discussion
Due to a higher incidence of chronic groin pain and groin
stiffness following mesh repair of inguinal hernias many funda-
mental concepts have been developed regarding the potential
causes contributing to the development of chronic groin pain with
various solutions also explored simultaneously. Replacement of
heavyweight meshes with lightweight mesh and non-invasive
techniques of mesh ﬁxation are the two most extensivelyFig. 8. Forest plot for length of hospital stay following the use of tacker mesh ﬁxation (TMF)
differences are shown with 95 per cent conﬁdence intervals.investigated measures to reduce the incidence of chronic groin
pain following LIHR. However, advances towards no-ﬁxation of
mesh in LIHR were a step forward to explore whether incidence of
hernia recurrence is inﬂuenced by this approach or not. The
results of this review have shown NMF in LIHR does not increase
the risk of hernia recurrence. It is comparable with TMF in terms
of operation time, post-operative pain, post-operative complica-
tions, length of hospital stay and chronic groin pain. Therefore,
based upon the results of this review NMF approach may be
adopted routinely and safely in LIHR. This conclusion is further
supported by several other studies.13,33e35 In addition, non-
stapling of the mesh in LIHR does not seem to confer short term
beneﬁts, such as reduced perioperative pain and complications but
it can certainly reduce the cost of the operation and decrease the
potential risk of nerve entrapment.33 A recently published meta-
analysis of six randomised, controlled trials36 on LIHR through
the total extraperitoneal approach concluded that the NMF was
not associated with higher recurrence rate but lower cost was an
advantage. However, authors reported shorter operation time and
length of stay in hospital following the use of NMF technique
whereas in our study no signiﬁcant difference was detected
between these variables. The NMF approach may be considered
a safe, cost effective and viable approach in LIHR. Another pub-
lished systematic review37 of ﬁve randomised, control trials and
a caseecontrol study confers our ﬁndings.and no-mesh ﬁxation (NMF) in laparoscopic inguinal hernia repair. Standardised mean
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signiﬁcant differences in inclusion and exclusion criteria among the
included trials such as the recruitment of unilateral inguinal hernia,
bilateral inguinal hernia and recurrent inguinal hernia. Further sub-
classiﬁcation of the inguinal hernia in the form of direct and indi-
rect was also not considered at the time of patient selection.
Varying degrees of differences also existed among trials concerning
the deﬁnitions of “chronic groin pain” and “measurement scales for
post-operative pain”. Randomised, controlled trials with fewer
patients in this review may not have been sufﬁcient to recognise
small differences in outcomes. Follow up time in the included
studies ranged from 8 months to 36 months which is certainly
a shorter follow up period in terms of recurrence and CGP. Variables
like foreign body sensation, groin stiffness and decreased groin
compliance should have been considered because non-ﬁxed dis-
placed and rolled up mesh is likely to cause these symptoms. Our
conclusion is based on the summated outcome of 8 randomised,
controlled trials but it should be considered cautiously because the
quality of these trials is either low or moderate. There is still a lack
of stronger evidence to support the routine use of NMF in LIHR but
it can be considered an alternative and may be applied in selected
group of patients. A major, multicentre, randomised, controlled
trial of high quality based on CONSORT guidelines is mandatory to
validate these ﬁndings.
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